The topographical organisation of the epithelium lining mucous membranes has been an intense point of research. One of the fundamental biological issues underpinning this and associated issues relates to the role and regulation of epithelial adhesion molecules. Adhesion between individual cells allows an intact layer to be formed, which is selectively permeable. In addition, the orchestrated regulation of multiple adhesion molecules allows the gradual transition from basal secretory cells to apical absorptive cells in the crypt-villus gradient. Moreover, it is becoming clear that no one class of adhesion molecule can suYciently govern crypt architecture; however, the main cell-cell adhesion molecules are the cadherins and the related desmosomal cadherins. These latter molecules interact with the catenins, which bind directly or indirectly with cytoskeletal molecules such as Rho and Rac. In addition, other complex glycoproteins, such as the carcinoembryonic antigens, might contribute to adhesion, although their mechanisms of function are distinctly diVerent. Integrins on the basal aspect of the cells also signal important morphoregulatory signals as a result of their binding to the extracellular maxtrix. The disruption of these physiological processes also provides a necessary and, in some cases, suYcient molecular mechanism for cancer invasion and metastasis, such as occurs in E-cadherin mutation positive familial gastric cancer. (J Clin Pathol: Mol Pathol 1999;52:166-168) 
The stroma of the intestine contains many cells but, in particular, the inflammatory cell infiltrate contributes to the mucosal architecture, even in phenotypically normal mucosa. These neutrophils and lymphocytes express a complex repertoire of adhesion molecules, which allows long distance homing and specific paracellular migration in the epithelium.
Thus, the formation and homeostasis of the epithelium reguires a complex but inter-related array of adhesion molecules.
Introduction to adhesion molecules
The major cellular adhesion molecules can be classified according to structure into four general classes: cadherins, the immunoglobulin family, the integrin family, and selectins (glycoproteins and lectins). Migration of epithelial cells from the crypt bases to the superficial epithelial surface involves the constant formation and disruption of cell-cell and cellstromal adhesive interactions, which therefore also have an important role in the maintenance of both cellular diVerentiation and the structural integrity of the human intestine.
Life, death, migration, and clonal expansion in the small intestine: the functional unit is the crypt-villus unit In the adult small intestine, decisions aVecting the proliferative status, lineage allocation, migration, diVerentiation, and death are made continuously and are executed rapidly along the crypt-villus axis. The entire crypt turnover is extremely rapid and enterocytes have a three day life span.
1 Stem cells at the base of the crypt divide to produce mainly long lived mucous and columnar progenitor cells, which in turn produce shorter lived transit amplifying cells in the midcrypt, capable of rapid upward migration.
2 Cells enter terminal diVerentiation or undergo apoptosis in the villus. It is currently thought that when the proliferative activity of a crypt passes a certain threshold the crypt is induced to bifurcate into two, starting at the base. 3 Ultimately, these crypts, together with neighbouring identical crypts, divide again, producing a large contiguous group of epithelial cells with a common genotype, known as a "clonal patch", which is ∼ 4 mm in size.
maintenance of intercellular connections at the adherens junctions. [4] [5] [6] Adhesion occurs via five conserved "cadherin" domains in the extracellular portion, but an internal conserved catenin binding domain binds to the cytoskeleton. 7 8 Cadherins also act as master morphoregulatory molecules that modulate epithelial polarity, plasticity, and survival during epithelial remodelling.
EVIDENCE FOR CADHERIN BIOLOGY MODULATING PHENOTYPE IN VIVO
One fundamental question about the cryptvillus unit is whether epithelial cells are invested with complete responsibility for the control of their proliferation, migration, diVerentiation, and death programmes. Murine models that overproduce (forced) wild-type E-cadherin in the crypt of the small intestine have slowed proliferation and migration. Conversely, a chimaeric/transgenic murine model producing a dominant negative N/E-cadherin results in a Crohn's disease phenotype (Pcadherin alterations have not been studied), 10 with increased proliferation and cell death as well as immature and uncoordinated diVerentiation signals. Chromosome 16, where E-cadherin and P-cadherin genes are located, is a major susceptibility locus for Crohn's disease in humans. 11 The nature of this inherited predisposition is unclear, but relatives of patients with Crohn's disease have an increased sensitivity to acetylsalicylic acid provoked permeability of the mucosal barrier compared with controls. 12 The increased permeability is thought to be an early feature of the disease rather than a result of the inflammatory process itself. 13 Furthermore, we have data from human Crohn's disease in vivo indicating that the E-cadherin gene is strongly expressed in normal colorectal epithelium, whereas in Crohn's disease it is downregulated. 14 In contrast, the gene encoding P-cadherin is dramatically upregulated in the ileocaecal region adjacent to fissures in Crohn's disease, whereas it is not normally expressed in this region. 14 Comparisons of the presence of cadherins in Crohn's disease compared with other forms of colitis indicate there are no significant changes in the expression of cadherin in infective colitis.
14 Second, ulcerative colitis is typified by downregulation of E-cadherin on the superficial compartment only, and such downregulation does not usually occur in the deep crypts. In addition, P-cadherin is only upregulated in severely ulcerated areas and then only in the superficial compartment. 14 
THE MECHANISM OF DIFFERENTIAL CADHERIN EXPRESSION IN CROHN'S DISEASE
The cadherin genes are tandemly linked on chromosome 16q22; however, evidence about a locus control region is unavailable, although the promoters have been analysed. 15 16 Tumour necrosis (TNF-) decreases E-cadherin expression in small intestinal cells (I Perry et al, 1999, unpublished) and may also increase P-cadherin selectively in inflamed epithelial cells, such as those found in the prostate. 17 There are two phases to E-cadherin downregulation: early on, as a result of the disassembly of E-cadherin complexes via Rho and Rac GTPases, and, later on, as a result of transcriptional inhibition. 18 We postulate that alterations to 16q in Crohn's disease, combined with local increases in TNF-expression in the ileum, will decrease E-cadherin and increase P-cadherin expression in the ileum. Consequently crypt-villus units expressing low amounts of E-cadherin will be more susceptible to damage (fissures), whereas P-cadherin expressing clones will survive (skip lesions).
Alterations in cadherin biology might regulate changes in epithelial biology as a result of increased catenin regulated transcription and signalling via novel interactions
Catenins are members of the "armadillo" superfamily with distinct but overlapping functional domains. 19 The cytoplasmic catenin pool is also regulated by the adenomatous polyposis coli (APC) tumour suppressor protein (perhaps also the APC2 gene product), 20 21 and glycogen synthase kinase (GSK3 ). The formation of this macromolecular complex regulates catenin degradation by the ubiquitin pathway 22 and can be inhibited by Wnt signalling. 23 24 Recently, along with others, we have identified germline E-cadherin mutations in families susceptible to gastric cancer. 25 These individuals have an increased frequency of intestinal metaplasia in unaVected areas; however, the adenocarcinomas are almost always of the diVuse type (rather than the intestinal type). It is believed that E-cadherin mutations result in increased catenin regulated transcription. Increased tyrosine phosphorylation of catenins may also increase cytoplasmic pools. Increased expression of -catenin in mice will increase E-cadherin expression and perhaps other cadherins in an attempt to counteract the signalling activity of -catenin. In addition, migration is also slowed, perhaps as a result of saturation of APC molecules, which are required to organise microtubules. 20 In compartments where increased -catenin-Ecadherin complexes are present, enhanced apoptosis is also seen. Conversely when -catenin is increased alone, especially in the crypt cells, increased proliferation occurs, perhaps as a result of low level stimulation of high motility group box transcription factors, such as Tcf-4. It is current theory that diVerent cadherins may, in part, regulate this process as a result of diVerential aYnities with catenins (JA Jankowski, 1996, unpublished) and the generation of alternative intracellular signals.
The internal domain of E-cadherin can also bind phosphatidylinositol 3 kinase (PI3K) in the absence of catenin binding (M Wakelam, 1996, unpublished) . PI3K is a family of lipid kinases which phosphorylates inositol at the 3' position, yielding phosphatidylinositol (3, 4, 5) trisphosphate. PI3K is a heterodimer consisting of an 85 kDa regulatory subunit and a 110 kDa catalytic subunit. PI3K is activated when the regulatory subunits (SH2 domains) bind specific phosphotyrosine containing mo-tifs on activated tyrosine kinase receptors. Current data suggest that PI3K activation at the adherens junctions might coordinate many cellular processes including adhesion, cytoskeletal rearrangement, and proliferation 26 during the cells upward migration in the crypt.
Association of inflammation with persistence of metaplasia: cytokines alter epithelial migration and catenin regulated transcription
The close association between lymphocytic cells and metaplasia suggests that the presence of a lymphoid stroma may be a requirement for metaplastic growth in at least certain stages of epithelial development. There are many reports of previous inflammation being associated with the development of gastrointestinal metaplasia, including gastric carditis and intestinal metaplasia, 10 27-28 and pancreatitis and islet cell metaplasia. 29 Inflammatory cells may regulate epithelial biology either directly, as a result of lymphocyte-epithelial interactions via CD40 or Fas membrane receptors, or indirectly as a result of secreted cytokines. In chronic inflammation involving Barrett's mucosa, many cytokines are produced both by the inflammatory cell infiltrate and the epithelium. Recently, we have found that TNF-and interleukin 1 (IL-1 ) decrease membranous expression of the cell-cell adhesion molecule E-cadherin and -catenin. 30 In conclusion, the interactions of the many adhesion molecules in epithelial tissues are complex. Furthermore, the perturbation of these processes is suYcient and necessary to explain altered epithelial structure and biology in inflammation and cancer.
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